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8§ 1 Introduction
=

Comparison of superconductin : : . C L.
p . .p g Scanning probe microscope (SPM) Overview of the fabrication flow
tunnel junctions (STJs) ‘ . ‘ o
SPM is a term for microscopes based on a scanning tunneling microscope (STM).
Low Temp. Supercond. (LTS) High Temp. Supercond. (HTS) . . Rod developmept (>§2)
T " . = oo : - o Piezoelectric c-axis Bulk rectangular Rod
S-I-S junctions are realized. S-I-S junctions are not realized. devices (40 X 40 X 10 mm?) @ Fine cutter (0.5%0.5 X 10 mm?)
« Extremely low noise :at - K: * Modestnoise (at 77 K) Tunnel current Z-voltage machine |
Supetoonducting Tannel Jenotion rem (a) bicrystal GBJ (b) step-edge GBJ detection circuit feedback circuit {i " !I " !! ""l ]
B foo1), (001) 1] GBs o 1| Huus
E ————————————————————————————— @ Polishing
<) ste SN e machine
s ::q . perrier Probe development (> §3
o1] o)
= Probe sharp Rod
) Focus (Tip ~100 nm) (Tip ~100 um)
: unknown sample < - @ Focused ion beam
. 3 i Bondarenko et al.. Low Temp. Phys. 43,1125 (2017) 1l b Bias voltage (FIB)
Applications : (metallic probes)
- - Our purpose
* Sensors Ariyoshi et al.. IEEE Appl. o 5 2 4
+ Generators Supercond. 15,920 (2005) ¢ To IAXUINZE the POIemlf‘l of HTS An STM equipped with an HTS probe is expected to realize SIS junctions
\ * Quantum computers etc. electronics by SIS nano-junctions that are separated by a vacuum insulator. /

§ 2 Rod development

(a) Bulk evaluation TvBCO (b) Rod fabrication (c¢) Rod evaluation
. . . . CSYL-404010, Can
Crystalline evaluation by X-ray diffraction | ' S )
Fine cutter machine 3Kevostat - N
T (HS-100, Heiwa Technica) L YBCO bulk Ty - silver paint
Grinding stone (schematic)
c- WY | | e UEEERPT.-- o, g
axis @ | | FilmicecEo B B 20 . | 2 SACES NSNS
_I 20000 cps Sliced Bulk] < ‘ G Rod
z I Sid | Efeoex NN Wy O e . £ 4f — Sliced Bulk
Measuring conditions = | | e . a
Samm] YBCO z I 1000' : A Cooling water ~ Vise b E
ample z |\ cps -Thm Film| . . YBCO rod : o z
g £
X-ray source CuKa £ I MachlAmng Cf)ndmons : (05%0.5%10 mm?) ‘ Meas?rmg conditions é 5
Source voltage 40KV ‘ . l ) Abrasive grains Dlamond' Material A YBCO 3 &”
carrent 100 mA o s | [[CDD 01-079-0469] Feed speed 10 mm/min Sample size (133;()0‘5 X 0.5 mm 1
o 2 — Feed amount (X) 1.1 mm
Scan angle 10~ 70 S5t (103 13 10x 10 X 0.5 mm? 0 “
e 00 TE (001) (002) (0g3) (094] (099 (©ge), 07} Feed amount (Y) |40 mm (sliced bulk) 0 %0 ;0 90 " 1o 130
o 0 10 20 30 40 50 60 Feed depth [mm 1.2 mm . L. . - - emperature
speed 4° /min 0[] " pth [ . ] T High fabrication yield of >90% Refrigerator | Gifford-McMahon Rod has the same 7, as sliced bulk.
. . . otation spee ,000 rpm : : ~ ul
K YBCO bulk showed the similar diffraction peaks to a sputtered film. P P without breaking the rod Temperature | 300~3K - No damage to supertonductivity J

§ 3 Probe development

(a) Probe fabrication (b) Probe evaluation (c) Probe cleaning \

Analysis of influence of Ga-ion implantation . Before cleaning ¥

Focused Ga-ion beam system Ar-ion mllhng system 2
(NBSOOO Hitachi ngh TeCh) Energy dispersive X-ray spectroscopy in FE-SEM (EMAX ENERGY EX-250, Horiba) . 4 i 0.3
Au-coated YBCO probe o

aB
s 0.1
0
After cleaning Y[
A :
Machining conditions | T US| R L B - . .(,, 03
Acceleration 40 KV Radius of 1 e N
voltage curvature Measuring conditions 0 — i 02
Aperture diameter 550 um 443 nm Counting rate ~3 keps 1 2 3
Dwell Time 3 us Acceleration voltage | 30 kV Number of analyzed point [-] ) 0.1
. .. 5 pm

Frame Interval 0.0 Measurement time 100~120 sec . ) Milling conditions — 0

Density Full Working distance 15£0.1 mm Ga-ion penetra} ion depth < 1 Hm Acceleration voltage | 60 V . -
Line Width T oixel Sharp YBCO probe was processed by FIB. Masnificat 10K - The chemical composition — - - Production of pure YBCO probes

\\ ine Wi pixe agnification was conserved within the rod. Milling time 40 min possible by Ar-ion milling.

§ 4 Installation to SPM (STM mode) 8§ 5 Summary

/ . YBCO probe Two-gap modeN me proposed, fabricated, and evaluated a YBCO probe for realizing SIS junctionﬁ
EXperlmental Setup on a sapphire substrate Tunnel current Characterlstlcs (~7 & 25 meV)
I A4 ) Structure ! Rod development
50‘}23‘;&% Stlzlgl(’)eljlggo i‘f"gscopc S I S i Thcorlatlcal work by . > A c-axis oriented bulk was cut into a rectangular rod using a fine cutter machine.
( _ ’ id) “ ! other groups s > T, of the rod was ~90 K, which was almost the same as that of the original bulk,
Pumped LN, i 4 4 indicating no critical damage to superconductivity owing to the cutting.
(-61K) . | Temperature dependence of the §°
Energy diagram 1| 4euiof sate for YBCO Probe dovelopment
YBCO sputtered film ! an }; drian et al.. Phys. Rev. B » One end of the rod was ground to a pyramid shape of ~70 um radius, and then
on a MgO substrate i o 56, pA7878"(1997‘) B e the apex was further sharpened to 44.3 nm using a focused Ga ion beam.
./ A » The penetration depth of Ga ions from the YBCO surface was <1 um at 40 kV,
10 o o suggesting that the chemical composition was conserved inside the rod.
Sapphire Increased by ~3V) _ = %00 Excess noise Installation to SPM (STM mode)
rod — 5| — Work function _ 4+~ _™ — Not measured . . L.
< 4.03ev, 47 < L 2A » A YBCO probe was installed in a LN,-cooled STM system. Preliminary results
Current Z 0 —H = 0.00 | . about the tunnel current characteristics were obtained. A sharp increase in tunnel
Amp. In § o E \/V current from ~4 V was observed at the high V range, and SIS-like I-V curve was
! x S S~ © also acquired at the low V range.
SPM <-0.02
feedback 10 S~ * Future works
— : . 4 2 0 2 4 04 00 04 N P N . .
Y ) Voltaé?: Bias Voltage [V] Bias Voltage [V] » Optimization of FIB process > Sharper probe tip, reduced Ga-ion damage
h . . q ‘ ‘ : : - lth ‘ » Atomic force microscope imaging in liquid nitrogen
S (YBCO) - I (vac.) - S (YBCO) characteristics was evaluated. Noise reduction and YBCO stage will reveal the SIS nature. / \; Noise reduction in STM = YBCO-based SIS nano-junctions J
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